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@ Method and apparatus for optimizing printer operation. 

(57) The present invention involves the use of 
onboard sensors (32, 34) which determine the 
printer's ambient environment for the purpose 
of selecting the printer's optimal operational 
subroutines. Conditions such as temperature 
and humidity are measured at the time of printer 
operation, the measurements being communi- 
cated to a processor (44) wherein the printer's 
operational subroutines are set The processor 
(44) employs memory (46) which is accessed via 
a table look-up arrangement using the 
measured temperature and humidity. The mem- 
ory (46) is divided into plural sectors (46a, 46b, 
46c, 46d), each of which stores a set of oper- 
ational subroutines for use by the printer when 
it is situated in an environment characterized by 
predetermined temperature and humidity 
ranges. 
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Technical Field 

The present invention relates generally to prin- 
ters, and, more particularly, to an arrangement 
whereby optimal printer operation may be achieved. 
Such optimization is achieved through recognition of 
the relationship between ambient environmental con- 
ditions and the printer's various operational tasks, 
and by adaptation of the printer to select operational 
subroutines based on the environmental conditions 
as they exist at the time the printer is used. Although 
useful in a variety of printer contexts, the invention is 
believed to be especially advantageous in the context 
of an ink-jet printer and is described in that context be- 
low. 

Background Art 

In a conventional ink-jet printer, operational tasks 
are affected by the printer's ambient environment. 
This makes a determination of the printer's ambient 
environment an important step in selecting the prin- 
ter's optimal operational subroutines. Conditions 
such as temperature and humidity, for example, will 
affect ink viscosity, and, correspondingly, will impact 
on the frequency with which printhead servicing 
should occur. This in turn will impact on the selection 
of the printer's optimal servicing subroutine, the op- 
erational subroutine which determines the frequency 
with which a printer's printheads are flushed and wip- 
ed. The ambient temperature and humidity will also 
affect factors such as ink drying time and record me- 
dia absorption characteristics, both of which are im- 
portant in selecting the printer's optimal printing sub- 
routines. The printing subroutines, it will be appreci- 
ated, are operational subroutines which determine 
variables such as the rate of record media throughput 
and the economy of ink use. 

Based on the foregoing, it should be apparent 
that the effectiveness of a printer's operational sub- 
routines will change with the environment in which the 
printer operates, an environment which may be am- 
biguous at the time the printer's operational subrou- 
tines are set Although known printers have been 
manufactured to operate under assumed environ- 
mental conditions, conditions generally have been 
assumed at the time of manufacture with little or no 
information concerning the actual environment in 
which the printer will be used. This has led to prob- 
lems in the selection of effective operational subrou- 
tines where the printer's environment is not known at 
the time of manufacture, or where such environment 
is subject to change. These ambiguities have made it 
necessary to select operational subroutines which 
could be used under all environmental conditions in 
which the printer operates, an arrangement which 
may lead to the selection of less than optimal opera- 
tional subroutines. A need has thus arisen for an ar- 



rangement whereby a printer's operational subrou- 
tines may be selected in view of actual environmental 
conditions, rather than those which have been as- 
sumed. Prior art printers have not met this need. 

5 In the past, the aforementioned problems have 

been addressed simply by assuming a "worst case" 
environment when selecting operational subroutines. 
Servicing subroutines are thus chosen to direct fre- 
quent printhead servicing, it being assumed that the 

10 printer will operate in a cool/dry environment wherein 
the printhead nozzle is particularly susceptible to vis- 
cous plugs. Printing subroutines similarly are chosen 
to accommodate use of the printer in an undesirable 
environment, each subroutine being chosen assum- 
es ing an environment which is least desirable for per- 
forming the corresponding printing task. The printing 
subroutine which directs the rate of record media 
throughput, for example, is chosen assuming a "worst 
case" ink drying time, it being assumed that the prin- 

20 ter will operate in a cool/wet environment wherein ink 
is slow to dry. The printing subroutine which determi- 
nes the printer's print mode (i.e., the number of print- 
head passes per line of characters) is chosen to com- 
pensate for poor record media absorption character- 

25 istics, characteristics common to a cool/dry environ- 
ment wherein a greater number of printhead passes 
will be required to produce acceptable text. 

Although effective in avoiding printer failure, the 
aforementioned assumptions may result in the use of 

30 less than optimal operational subroutines, particular- 
ly where the printer operates under environmental 
conditions which are different from the "worst case" 
conditions assumed. This can lead to unnecessary 
printhead servicing, slower than necessary record 

35 media throughput, and a waste of materials such as 
servicing solvents and ink. These factors in turn may 
result in increased component wear, increased printer 
down time, and increased operating cost. 

40 Disclosure of the Invention 

The present invention involves the use of on- 
board sensors which determine the printer's actual 
ambient environment for the purpose of selecting the 

45 printer's optimal operational subroutines. In accor- 
dance with the invention, conditions such as temper- 
ature and humidity are measured at the time of printer 
operation, the measurements being communicated to 
a processor with a memory wherein the printer's op- 

so erational subroutines are stored for table look-up. The 
memory is accessed using the measured tempera- 
ture and humidity values, the memory being divided 
into plural sectors, each of which includes a set of op- 
erational subroutines which have been determined to 

55 be optimal for use by the printer when it operates with- 
in an environment having predetermined temperature 
and humidity ranges. In the preferred embodiment, 
the printer's servicing and printing subroutines are 
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selected in this manner, the optimization of such sub- 
routines thus being linked to the ambient temperature 
and humidity at the time printing occurs. 

These and additional objects and advantages of 
the present invention will be more readily understood 
after a consideration of the drawings and the detailed 
description of the preferred embodiment which fol- 
lows. 

Brief Description of the Drawings 

Fig. 1 is a flowchart which schematically illus- 
trates^ preferred method of optimizing printer oper- 
ation. 

Fig. 2 is a simplified, schematic block diagram of 
the apparatus of the invention, made in accordance 
with its preferred embodiment. 

Fig. 3 illustrates a memory arrangement which is 
utilized in the present invention to effect selection of 
a printer's operational subroutines. 

Detailed Description of the Preferred Embodiment 
and Best Mode of Carrying Out the Invention 

In accordance with the present invention, method 
and apparatus have been developed whereby a prin- 
ter is adapted to determine ambient environmental 
conditions at the time of printing, and to use such in- 
formation to select the printer's optimal operational 
subroutines. The invention is suitable for use in virtu- 
ally any style printer, but is believed to be particularly 
useful in an ink-jet printer and is described as such 
below. 

Referring initially to Fig. 1, a flowchart has been 
provided to illustrate the preferred method of the in- 
vention, the flowchart being indicated generally at 10. 
As shown, the invented method begins when the prin- 
ter receives a "REQUEST PRINTING" command (1 2), 
the command being sent by a conventional printer 
controller such as a personal computer or file server 
(not shown). Upon receiving such command, a first 
ambient environmental condition is measured (14), 
the measured condition being useful in selecting the 
printer's optimal operational subroutines as will be 
described. 

In the preferred method, the first ambient envir- 
onmental condition is temperature, and the opera- 
tional subroutines are the printer's servicing and 
printing subroutines. Those skilled in the art will ap- 
preciate that both servicing and printing subroutines 
are conventional in printer technologies, but that the 
selection of optimal subroutines based on ambient 
environmental conditions is new. Servicing subrou- 
tines generally are employed to effect periodic flush- 
ing, wiping and capping of a printer's printhead. Print- 
ing subroutines are employed to direct printing, such 
subroutines being determinative of record media 
throughput, printhead carriage movement, and oper- 



ation of the printer's printhead. Printing subroutines 
also determine the printer's print mode (i.e., the num- 
ber printhead passes per line of characters). 

The measured temperature is compared to a pre- 

5 determined temperature value T D (16), the value T D 
being representative of a threshold temperature 
which divides the range of acceptable operating tem- 
peratures into a high temperature range and a low 
temperature range. If the measured temperature is 

w greater than T D , the printer is considered to be oper- 
ating in a hot environment (within the high tempera- 
ture range), and if the measured temperature is less 
than or equal to T D> the printer is considered to be op- 
erating in a cool environment (within the low temper- 

15 ature range). According to the preferred method, T D 
is set at approximately room temperature (23°C), but 
T D could similarly be set at any other temperature 
within the printer's acceptable operating temperature 
range. 

20 A variable X is set in accordance with the meas- 

ured temperature, the value of X being determined by 
the relationship between the measured temperature 
and the predetermined temperature T D . If the meas- 
ured temperature is within the high temperature 

25 range, X is set to 1 (18a), and if the measured tem- 
perature is within the low temperature range, X is set 
to 0 (18b). Those skilled in the art will recognize that 
the range of acceptable operating temperatures may 
similarly be divided into three or more temperature 

30 ranges, each temperature range being assigned a 
particular X value so as to identify that range. 

In addition to the aforementioned temperature 
measurement, the method illustrated by flowchart 10 
also includes a measurement of a second ambient en- 

35 vironmental condition humidity (20), the invention di- 
recting a measurement of the ambient humidity for 
use in connection with the measured temperature to 
provide a more complete picture of the environment 
in which printing will occur. Like the ambient temper- 

40 ature, the ambient humidity has been determined to 
affect the optimization of the printer's servicing and 
printing subroutines. 

The measured humidity is compared with a pre- 
determined threshold humidity value H D (22), the val- 

45 ue H D representing the humidity which divides the 
range of acceptable operating humidity into a high hu- 
midity range and a low humidity range. Where the 
measured humidity is greater than H D , the printer is 
considered to be operating in a wet environment 

so (within the high humidity range). Otherwise, the prin- 
ter is considered to be operating in a dry environment 
(within the low humidity range). In the preferred em- 
bodiment, H D is set at 50% humidity, a value which 
corresponds to the middle of the printer's acceptable 

55 humidity range. 

A variable Y is set in accordance with the meas- 
ured humidity, the value of Y being determined by the 
relationship between the measured humidity and the 
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predetermined humidity H D . If the measured humidity 
is within the high humidity range, Y is set to 1 (24a), 
and if the measured humidity is less than or equal to 
H D , Y is set to 0 (24b). As indicated with respect to the 
range of acceptable operating temperatures, the 
range of acceptable operating humidities may be div- 
ided into any number of humidity ranges, each humid- 
ity range being assigned a particular Y value so as to 
provide for identification of that range. 

It is to be understood that, although the illustrated 
method indicates a sequence of first measuring am- 
bient temperature, and then measuring ambient hu- 
midity, the order of determining ambient temperature 
and ambient humidity may be reversed. Similarly, al- 
though ambient temperature and ambient humidity 
are the environmental conditions measured in the 
preferred method, other environmental conditions 
similarly may be measured, the pertinent environ- 
mental conditions being dependent upon the particu- 
lar operational subroutines which are to be selected. 

Once the humidity and temperature are deter- 
mined, and the X and Y variables are correspondingly 
set, the printer's optimal operational subroutines are 
selected (26). These subroutines are accessed via a 
function, F(X, Y) which is based on the assigned tem- 
perature variable X and the assigned humidity value 
Y. This function points to a memory address within 
the printer's onboard microprocessor so as to identify 
a set of operational subroutines which have been de- 
termined to be optimal for use by a printer operating 
within the identified temperature and humidity rang- 
es. In the preferred method, the printer's servicing 
and printing subroutines have been chosen for optim- 
ization, the optimization of such subroutines being 
known to relate to the temperature and humidity in 
which the printer operates. The particulars of these 
subroutines are determined by experimentation, and 
are dependent upon the design of the printer in which 
the subroutines are to be used. The nature of the 
memory organization is illustrated by the simplified 
mapping diagram of Fig. 3, a more complete descrip- 
tion being provided below. 

After the operational subroutines are selected, 
the printer may begin printing (28), the printer employ- 
ing the selected operational subroutines. In the pre- 
ferred method, the selected operational subroutines 
will include both servicing and printing subroutines, 
with the effectiveness of such subroutines being re- 
lated to the ambient temperature and ambient humid- 
ity as suggested above. The selected subroutines are 
employed until the next "REQUEST PRINTING" com- 
mand is sent, at which time the temperature and hu- 
midity are again measured, and new operational sub- 
routines are selected with the newly measured envir- 
onmental conditions in mind. 

Fig. 2 depicts a highly-schematic representation 
of the invented apparatus 30, such apparatus includ- 
ing a pair of onboard environmental sensors 32, 34. 



First environmental sensor 32 is in the form of a con- 
ventional temperature sensor, such sensor being ca- 
pable of measuring the printer's ambient temperature 
to accomplish the method step indicated at 14 in Fig. 

5 1 . Second environmental sensor 34 is in the form of 
a conventional humidity sensor which is capable of 
measuring the printer's ambient humidity to accom- 
plish the method step indicated at 20 in Fig. 1. The 
sensors provide analog outputs 32a, 34a, which are 

10 fed to conventional,multiplexer (MUX) 36. 

In the preferred embodiment, the multiplexer se- 
lects from the temperature and humidity analog out- 
puts, such selection being achieved under micropro- 
cessor control. The selected output is passed along 

15 a conductor 38 to an analog-to-digital converter 
(ADC) 40 which is also under microprocessor control. 
It will be appreciated that multiplexer 36 may be di- 
rected by the microprocessor 44 to alternate between 
the depicted temperature-sensing position and a hu- 

20 midity-sensing position (not shown) of the logical 
switch, or MUX 40, so that a single analog-to-digital 
converter may be used. Alternatively, the multiplexer 
could be eliminated and two ADCs could be used. , 
A multichannel digital data bus 42 connects the 

25 analog- to-digital converter to a processor such as mi- 
croprocessor 44. The data bus, it will be appreciated, 
includes X and Y outputs of ADC 40 which are con- 
nected to the microprocessor for accessing the opti- 
mal operational subroutines via function F(X, Y). As 

30 is conventional, the microprocessor employs a mem- 
ory (internal or external) which contains the printer's 
operational subroutines. 

As indicated in Fig. 3, the memory of micropro- 
cessor 44 may be considered to include a look-up ta- 

35 ble 46, the look-up table being divided into four sec- 
tors 46a, 46b, 46c 46d. Those skilled will appreciate 
that the memory may similarly be arranged to identify 
additional sectors, the number of sectors being limit- 
ed only by the size of the microprocessor's memory 

40 and the ability of the environmental sensors to distin- 
guish environmental ranges. In the preferred embodi- 
ment, each sector is identified by particular X and Y 
values which are used in function F(X, Y) as descri- 
bed above. Function F(X, Y) t it will be recalled, points 

45 to the memory address of a predetermined set of op- 
erational subroutines. Each sector includes a set of 
operational subroutines which are optimal for the 
temperature and humidity ranges as defined by X and 
Y. The operational subroutines are thus chosen in ac- 

50 cordance with the environmental conditions as they 
exist at the time printing occurs. 

Industrial Applicability 

55 It may be seen that the invented method and ap- 

paratus optimize the printer's operation by accommo- 
dating environment-directed selection of the printer's 
operational subroutines. Subroutines are chosen 
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based on actual environmental conditions at the time 
of printing, rather than being based on conditions as- 
sumed at the time of manufacture of the printer. The 
result is a potential for increased printer throughput, 
decreased material waste, and decreased compo- 
nent wear. The degree of optimization is dependent 
upon the particular limitations of the microprocessor, 
and on the ability of the sensors to discern conditions 
within>'the predetermined acceptable operating rang- 
es. The present method and apparatus are thus use- 
ful in virtually any printer for effecting optimization of 
the printer's operational subroutines. 

While the present invention has been shown and 
described with reference to the foregoing operational 
principals and preferred method and apparatus, it will 
be apparent to those skilled in the art that other 
changes in form and detail may be made therein with- 
out departing from the spirit and scope of the inven- 
tion as defined by the claims. 



(32, 34) to access said optimal operational sub- 
routine. 

4. The apparatus (30) of claim 3, wherein said first 
5 environmental sensor is a humidity sensor and 

said second environmental sensor (32, 34) is a 
temperature sensor (32). 

5. The apparatus (30) of claim 4, wherein said opti- 
10 mal operational subroutine directs printhead ser- 
vicing. 

6. The apparatus (30) of claim 4, wherein said opti- 
mal operational subroutine determines record 

15 media throughput. 

7. The apparatus (30) of claim 4, wherein said opti- 
mal operational subroutine determines the prin- 
ter's print mode. 

20 



Claims 



1. For use in a printer which employs one or more 
operational subroutines, an apparatus (30) for 25 
optimizing operation of the printer which compris- 
es: a first environmental sensor (32, 34) capable 

of determining a first ambient environmental con- 
dition and producing an output (32a, 34a) indica- 
tive of such first condition; and a memory (46) 30 
which stores predetermined alternative opera- 
tional subroutines, each subroutine correspond- 
ing to an optimal operational subroutine for use 
by the printer when operating within a corre- 
sponding predetermined range of said first envir- 35 
onmental condition, said memory (46) being ca- 
pable of receiving said environmental sensor out- 
put (32a, 34a) and using said output (32a, 34a) to 
identify said corresponding predetermined range 
of said first environmental condition and to ac- 40 
cess an optimal operational subroutine for use by 
the printer when operating within said corre- 
sponding predetermined range of said first envir- 
onmental condition. 

45 

2. The apparatus (30) of claim 1, wherein said first 
environmental sensor (32, 34) is a humidity sen- 
sor (34). 



3. The apparatus (30) of clai m 1 which further com- 50 
prises a second environmental sensor (32, 34), 
said second environmental sensor (32, 34) being 
capable of determining a second ambient envir- 
onmental condition and producing an output 
(32a, 34a) indicative of such second condition, 55 
said output (32a, 34a) of said second environ- 
mental sensor (32, 34) being used in conjunction 
with said output of said first environmental sensor 
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(57) The present invention involves the use of on- 
board sensors (32, 34) which determine the printer's am- 
bient environment for the purpose of selecting the print- 
er's optimal operational subroutines. Conditions such as 
temperature and humidity are measured at the time of 
printer operation, the measurements being communicat- 
ed to a processor (44) wherein the printer's operational 
subroutines are set. The processor (44) employs mem- 
ory (46) which is accessed via a table look-up arrange- 
ment using the measured temperature and humidity. The 
memory (46) is divided into plural sectors (46a, 46b, 46c, 
46d), each of which stores a set of operational subrou- 
tines for use by the printer when it is situated in an envi- 
ronment characterized by predetermined temperature 
and humidity ranges. 
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